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METHOD OF OPERATION OF A COMMUNICATION DEVICE AND 
CORRESPONDING COMMUNICATION DEVICE 

The present invention relates to methods of operation of a communication 
5 device and to corresponding communication devices. 

Many cellular communication systems are now available or are planned for 
the future. In a cellular communication system, such as the exemplary cellular 
communication system shown in Figure 1, the whole coverage area 2 of the 

10 communication system is divided into plurality of cells 4, 6, 8, 10, each cell 4, 
6, 8, 10 having a respective serving base station 12, 14, 16, 18 to support 
communication with user terminals 20 within the cell. The term uplink 22 
defines communications in the direction from a user terminal to the base 
station: the term downlink 24 defines communications in the direction from the 

15 base station to the user terminal. 

Typically, the user terminals 20 are mobile user terminals that are able to 
move within the whole coverage area 2 of the cellular communication system. 
As the mobile user terminal moves from a first cell to a second cell of the 
20 cellular communication system, the signaling and/or traffic communication 
between the mobile user terminal and the cellular communication system is 
handed off from the serving base station of the first cell to the base station of 
the second cell. 

25 One cellular communications system is the Universal Mobile Communication 
System (UMTS) that is currently undergoing standardization under the Third 
Generation Partnership Project (3GPP) of the European Telecommunication 
Standards Institute (ETSI). 

30 UMTS is based on code division multiple access (CDMA) radio access 

technology. In CDMA communication systems, uplink and downlink control or 
data channels typically use a large bandwidth of radio frequency spectrum, for 
example in the region of 5MHz for UMTS channels. 
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In CDMA communication systems, signaling and/or traffic data is multiplied by 
a respective code prior to being transmitted on uplink or downlink control or 
data channels. The effect of the multiplication is to spread the original data 
over a wide bandwidth. At the receiver, the received wideband signal is 
5 multiplied by the same code that was used in the transmitter, resulting in the 
recovery of the original signaling or traffic data. 

Separation between different channels is achieved by allocating a different 
code to each channel. Such channels are called code channels. Since 
10 different codes are used for different code channels, different code channels 
may be kept distinct from each other even though they are transmitted using 
the same radio frequency spectrum. 

Figure 2 illustrates an exemplary change of power over time for an exemplary 
uplink traffic channel, and an exemplary associated uplink signaling channel, 
namely the Dedicated Physical Data Channel (DPDCH) and the Dedicated 
Physical Control Channel (DPCCH) defined for UMTS. A gain factor is 
applied to the Dedicated Physical Data Channel (DPDCH) and is denoted as 
Pa and a gain factor is applied to the Dedicated Physical Control Channel 
(DPCCH) and is denoted as p c - 

The uplink traffic channel and the uplink signaling channel are CDMA code 
channels and are used by a user device (called a UE for user equipment in 
UMTS terminology) to transmit traffic data and associated signaling 
25 information to a base station (called a node B in UMTS terminology). The 
terms UE and node B will be used hereafter to refer to the user terminal and 
the base station: however, the skilled person will understand that the following 
description may relate to other communication systems, and is not limited to 
UMTS. 

30 



Thus the DPDCH carries the traffic data being transmitted from the UE to the 
node B and the DPCCH carries the associated control information. 
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The DPCCH is divided into slots, each slot comprises 10 bits and uses a 
spreading factor (SF) of 256. Each slot contains some signaling information 
bits and pilot bits are transmitted in the remaining bits of the slot. The number 
of signaling information bits transmitted in a slot may vary depending on the 
5 signaling information, and the remaining bits of a slot are filled with N pi | 0 t pilot 
bits. Various different slot formats are defined for the DPCCH: in the defined 
slot formats the number of signaling bits per slot varies from 2 to 7, and the 
number of pilot bits per slot varies from 8 to 3 correspondingly. 

10 Figure 3 shows an exemplary slot structure for the DPCCH. In the exemplary 
slot structure shown in Figure 3, three bits S0-S2 are used to carry signaling 
information and the remaining seven bits P0-P6 are pilot bits. 

The pilot bits sent by the UE on the DPCCH are used by the Node B to 
15 perform power control and channel estimation processes. These processes 
will be explained in more detail below. 

Firstly, the power control process will be described, in which the node B 
controls the power at which the UE is transmitting. 

20 

Since a UE may be located anywhere within the cell served by a node B, the 
radio propagation loss between the UE and the node B may vary significantly. 
Furthermore, fluctuations due to multi-path fading result in short term 
variations in propagation loss. In order to control interference within the 
25 communication system and overcome the near-far problem, generally it is 
desirable for the node B to control the power at which UE is allowed to 
transmit on uplink channels to minimize interference while ensuring that the 
uplink signal power received at the node B is sufficient to allow recovery of the 
information from received signals at an acceptable error rate. 

30 

This is achieved in the power control process executed by the node B by 
measuring the received power (or signal to interference ratio SIR) of the pilot 
bits on a DPCCH slot (pilot bits P0-P6 in the exemplary slot shown in Figure 
3), comparing the actual received power to a threshold power (or SIR), and 
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sending a downlink command to the UE to increase the transmit power 
incrementally if the received power is less than the threshold power or 
sending a downlink command to the UE to decrease the transmit power 
incrementally if the received power is more than the threshold power. 

5 

On receipt on the power control command from the node B, the UE will 
incrementally adjust the DPCCH transmit power up or down in accordance 
with the incremental increase or incremental decrease power control 
command received from the node B. Thus, over time and assuming that the 
10 radio propagation conditions between the UE and the node B are relatively 
constant, the DPCCH transmit power will tend to oscillate about a desired 
transmit power level as shown. The ratio of (3 C /Pd decreases as the data rate 
is increased, i.e. 3c is low for high data rates and high for low data rates. 

15 Secondly, the channel estimation process will now be described. 

In the channel estimation process the base station performs a correlation on 
the received pilot bits on a DPCCH slot (pilot bits P0-P6 in the exemplary slot 
shown in Figure 3) to obtain channel estimation information relating to the 
20 phase shift and/or gain associated with the channel propagation conditions. 
Channel estimation is a necessary step in correctly receiving (demodulating 
and decoding) uplink signals, which typically takes place at the base station 
(node B). 

25 As mentioned above, the DPDCH carries the traffic data being transmitted 
from the UE to the node B. UMTS provides that the data rate used by the UE 
on the uplink may vary between frames or sub-frames. The current UMTS 
standards only allow the data rate to vary on a Transmission Time Interval 
(TTI) basis, where a TTI can be one to four 10 ms frames or a single 2 ms 

30 sub-frame. In addition, the gain factor (3 d (and thus the power offset between 
DPDCH and DPCCH) used to transmit the traffic data may vary according to 
the data rate at which the traffic data is to be transmitted. 
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Specifically in UMTS a set of Transport Format Combinations (TFC) are 
defined for the UE to use, the TFCs defining information relating to data rate 
for transmission of data on the DPDCH and gain factors p d and (3 C for the 
DPDCH and the DPCCH. In each radio frame the UE selects a TFC, and 
5 signals on the DPCCH to inform the node B of the selected TFC. In addition, 
after applying the gain factors, the transmit power of the DPDCH and the 
DPCCH are scaled by the UE such that the DPCCH output power follows the 
changes required by the power control process as described above. 

10 Exemplary transmit powers (3 d and (3 C for the DPDCH and the DPCCH 

respectively resulting from the application of this method are shown in Figure 
2. Thus in frame F1 a relatively high data rate is being used for the traffic 
data, and the offset of (3 d from (3 C is relatively large. In contrast, in frame F2 
and F3 a relatively low data rate is being used for the traffic data, and the 

15 offset of p d from (3 C is relatively small. Within all three frames F1-F3 the (3 d 
power gain level for the DPDCH generally tracks the movement of the p c 
power gain level for the DPCCH, albeit with a constant offset or ratio; the 
power level for the DPCCH varies in accordance with the power control 
signaling received from the node B. 

20 

It should be noted that the offset or ratio defining the difference between the 
p d power level for the DPDCH and the (3 C power level for the DPCCH depends 
on the data rate of the traffic data, and therefore may potentially change each 
frame (in the uplink defined for 3GPP R99, R4, R5) or sub-frame (for 
25 enhanced uplink currently being studied for future releases of the standard. In 
contrast, the alteration of the DPCCH power level resulting from the power 
control signaling depends on the application of the power control process 
applied by the node B to received DPCCH slots and therefore occurs more 
frequently. 

30 

It is desirable to improve channel estimation performance for different traffic 
data rates. However in the current arrangement the channel estimation 
performance depends on the transmit power of the DPCCH. The transmit 
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power of the DPCCH might be set at a level that is sufficient to enable 
channel estimation performance at higher data rates with high performance, 
but this level would cause excessive interference at lower data rates; or might 
be set at a lower level to reduce unnecessary interference at lower data rates, 
5 resulting in inadequate channel estimation performance at higher data rates. 
Note that generally the air interface can support fewer high data rate 
connections than low data rate connections, and therefore for a fixed DPCCH 
power there is more total interference caused by DPCCH on low data rate 
connections than on high data rate connections. 

10 

The present invention seeks to alleviate at least some of the disadvantages of 
the prior art. 

Specifically, embodiments seek to enable power control of uplink channels to 
15 maximize uplink performance while minimizing unnecessary interference. 

For a better understanding of the present invention, and to show how it may 
be brought into effect, reference will now be made, by way of example, to the 
accompanying drawings, in which: 
20 Figure 1 shows an exemplary cellular communication system; 

Figure 2 shows an exemplary change of power over time for an uplink traffic 
channel and an associated uplink signaling channel in a prior art system; 
Figure 3 shows an exemplary slot structure for the signaling channel shown in 
Figure 2; 

25 Figure 4 shows an exemplary slot structure for a signaling channel in 
accordance with a first embodiment; 

Figure 5 illustrates shows information relating to further exemplary slot 
structures; 

Figure 6 is a flow chart illustrating the operation of a user device in 
30 accordance with a first embodiment; 

Figure 7 is a flow chart illustrating the operation of a base station in 
accordance with a first embodiment; 
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Figure 8 shows exemplary change of power over time for an uplink traffic 
channel and an associated uplink signaling channel for a second 
embodiment; 

Figure 9 is a flow chart illustrating a first aspect of the operation of a user 
5 device in accordance with the second embodiment; 

Figure 10 is a flow chart illustrating the operation of a base station in 
accordance with a second embodiment; 

Figure 1 1 illustrated exemplary power control commands in accordance with 
the second embodiment; and 
10 Figure 12 is a flow chart illustrating a second aspect of the operation of a user 
device in accordance with the second embodiment. 

Although the embodiments are described within the context of a UMTS 
system employing CDMA radio access technology, it should be noted that the 
15 invention is not intended to be limited thereto, and may be applicable to other 
systems such as other CDMA systems and also to Orthogonal Frequency 
Division Multiplex (OFDM) and Time Division Multiple Access (TDMA) 
systems as will be apparent to a skilled person. 

20 A first embodiment will now be described with reference to Figures 4-7. 

Figure 4 shows an exemplary slot structure for a control channel in 
accordance with a first embodiment. This exemplary slot structure will be 
described for use on the DPCCH of UMTS, as standardized and so the 
25 description will relate to the channels and system substantially as described 
above with reference to Figure 2 apart from a new slot structure to be used on 
the DPCCH. However, a skilled person will realize that the invention is not 
intended to be limited to the UMTS system nor to the specifics of the 
operation of UMTS. 

30 

The exemplary slot structure in accordance with the first embodiment 
comprises three signaling bits and seven pilot bits, similar to the slot structure 
shown in Figure 3. However, instead of N pil0 t pilot bits, the pilot bits are divided 
into a first group of N pno ti pilot bits and a second group of Np ilo t2 pilot bits, 
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where N P ji 0 ti + N pi i 0 t2 = N pi | 0 t. In the exemplary slot structure shown in Figure 4, 
N P iioti=4, N pi iot2=3 and N pi | 0 t=7. 

The groups of pilot bits N pl | 0 ti and N pi i 0 t2 are used differently from each other in 
5 the exemplary slot structure in accordance with the first embodiment as 

shown in Figure 4. Specifically, only the N pi | 0 ti group of pilot bits is to be used 
as power control bits, whereas all of the pilot bits N P ji 0 t=N pi i o ti + N pi | 0 t2 are to be 
used in channel estimation. 

10 Thus the N P j| 0 ti group of pilot bits is transmitted at a power that follows the 
power control commands but which is independent of the data rate being 
used on the associated traffic channel (DPDCH) whereas the power at which 
the N P jiot2 group of pilot bits are transmitted may be varied depending on the 
data rate being used on the associated traffic channel (DPDCH). In particular, 

15 the N p ,iot2 group of pilot bits (which can also be referred to as a group of pilot 
symbols) are transmitted at a higher power when the data rate on the 
associated traffic channel (DPDCH) is high and are transmitted at a lower 
power (or even at zero power, which is referred to as discontinuous 
transmission DTX) when the data rate on the associated traffic channel 

20 (DPDCH) is low. 

The node B applies the power control process (e.g. SIR estimation) only to 
the Npiiotibit group (hereto also referred to as the power control pilot bits). The 
node B is therefore able to apply the power control process consistently 

25 irrespective of the data rate being used for the associated traffic channel 

(DPDCH), which may change from sub-frame to sub-frame (or from frame to 
frame), because the N pi | 0 ti bit group are transmitted at a power level 
determined by a constant (3 C irrespective of the data rate being used on the 
associated traffic channel (DPDCH). That is, any changes in uplink N pi j 0 ti 

30 power level will be due to reverse power control updates, and not from 

changes in p c , which is held constant instead of varying with selected uplink 
transmission rates. 
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In contrast, the node B applies the channel estimation process to all N P H 0 t pilot 
bits. Since the N pi iot2 bit group is transmitted with variable power from 
changing its corresponding power gain factor p C 2 on a frame by frame (or sub- 
frame-by-sub-frame) basis depending on the data rate being used on the 
5 associated traffic channel (DPDCH), the total power of the N P j| 0 t pilot bit group 
will also vary according to the data rate being used on the associated traffic 
channel (DPDCH). 

Therefore more accurate channel estimation can be achieved at higher traffic 
10 data rates because more power is available for channel estimation at higher 
traffic data rates owing to the use of higher power in the N pi | 0 t2 group of bits at 
higher traffic data rates. Simultaneously, unnecessary interference at low 
traffic data rates is minimized owing to the use of lower or zero power in the 
N P Hot2 group of bits at lower traffic data rates. 

15 

Figure 5 illustrates information relating to the slot formats 0-5B currently 
available for use in the DPCCH of UMTS. The exemplary slot shown in Figure 
4 has been added as slot format 6 with possible exemplary information. 
However, it would be possible to adapt any of the existing slot formats 0-5B to 
20 have different pilot groups in accordance with the principles of the first 
embodiment, as will be apparent to a skilled person. 

An exemplary method of operation of the UE in accordance with the first 
embodiment is shown in Figure 6. 

25 

The gain factor p c1 for transmission of the N p n 0 ti pilot bits is determined, step 
s2. The gain factor p C 2 for transmission of the N p{ | 0 t2 pilot bits is determined, 
step s4. As indicated above, this relates to the traffic data rate. The gain factor 
(3d for transmission of the data bits is determined, s6. It should be noted that 
30 the steps S2-S6 may be carried out in any order or simultaneously. 

The gain factor p c for transmission of the signaling bits on the DPCCH will 
generally be the same as the gain factor (3 c1 for transmission of the N pi | 0 ti pilot 
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bits determined in step s2, and therefore this step has not been shown 
separately. Once all gain factors are known, the UE either scales the 
calculated gain factors, or instead scales the aggregate (combined) signal, 
according to the power control commands such that the power of all channels 
5 and bit fields reflects the power control commands, step s8, prior to 

transmission of the traffic data on the DPDCH and the transmission of the 
pilot bits and signaling bits on the DPCCH, step s10. 

An exemplary method of operation of the node B for carrying out a power 
10 control process and a channel estimation process in accordance with the first 
embodiment is shown in Figure 7. 

The power control process carried out by the base station on receipt of a slot 
on the DPCCH, step s12, will be described with reference to steps s14-s18 in 
15 Figure 7. 

The power (or SIR) of the N p(lo ti bits is measured, step s14, and in step 16 the 
measured power (or SIR) is compared to a threshold in order to determine 
whether the UE should incrementally increase or decrease the transmit 
20 power. A control message instructing the UE incrementally to increase or to 
decrease the transmit power is then sent to the UE as appropriate, step s18. 

The channel estimation process carried out by the base station on receipt of a 
slot on the DPCCH, step s12, will be described with reference to steps s 20- 
25 24 in Figure 7. 

All of the Npii 0 t received pilot bits are compared with the known transmitted 
values, step s20, and used in a channel estimation process, step s22. The 
channel estimation process may be any channel estimation process, as will 
30 be apparent to a skilled person. The resulting channel estimation information 
is used to provide information about the radio channel to assist in decoding 
the received associated traffic data. The additional pilot bits N p not2 may be 
buffered until the Transport Format Combination Indicator (TFCI) for the 
corresponding radio frame is decoded, so that the relative powers between 
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the Npiioti and N P j| 0 t2 pilot bits are known, which allows the channel to be 
estimated optimally. 

In an alternative embodiment, the N p not2 pilot bits can also be used in the 
5 power control process along with the N pi | 0 ti bits for the last part of the DPCCH 
TTI for two cases. One case is when the TFC information is sent on a 
separate channel (e.g. the Transport Format Reference Indicator (TFRI) 
channel) that terminates prior to the end of the DPCCH TTI and is 
successfully decoded. The other case is if the TFCI field on the DPCCH TTI 

10 terminates and is decoded prior to the end of the DPCCH TTI interval. In 
these two cases the (3 C 2 can be determined by the Node B by using TFCI or 
TFRI rate information with a lookup table containing the (3 C 2 assigned for each 
possible rate used by the UE. Therefore, for the DPCCH slots (0.67ms 
intervals in WCDMA) which occur after rate determination and table lookup of 

15 p C 2 has occurred (via TFCI field or TFRI information) but before the end of the 
corresponding DPCCH TTI then the N pi | 0 t2 along with N pi | 0 ti bits can be used in 
the per slot (inner loop) power control process (e.g. SIR estimation). 

A second embodiment will now be described with reference to Figures 8-12 

20 

The second embodiment will be described in the context of DPCCH power 
control in UMTS, as standardized. However, a skilled person will realize that 
the invention is not intended to be limited to the UMTS system nor to the 
specifics of the operation of UMTS described above. 

25 

In the second embodiment, the UE alters the transmit power of the DPCCH 
according to the data rate of the traffic data to be sent on the associated traffic 
channel. For example, the UE may have a number of different transmit 
powers at which the DPCCH is transmitted, and the DPCCH is transmitted at 
30 one of the available transmit powers in each frame or sub-frame depending 
on the data rate of the data transmitted in that frame or sub-frame on the 
associated traffic channel DPDCH. 
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This may be achieved, for example, by specifying an offset from a base level 
transmit power, each offset corresponding to one of the permitted TFCs or to 
a data transmission rate, for example. Alternatively, the UE may determine an 
offset or an absolute power or a power gain factor from the selected TFC, or 
5 from the data rate to be used for the traffic data transmission, or from any 
parameter related to the traffic data rate. 

The node B applies the power control process using a plurality of thresholds 
corresponding to the plurality of transmit powers, and sends a power control 
10 message to the UE informing the UE of the magnitude of the received power 
relative to at least one of the thresholds. Alternatively, the node B could send 
multiple power control commands, one per threshold, on the downlink 
DPCCH. 

15 Since the UE knows the transmit power that was used to transmit the 

DPCCH, and is informed by the power control message of the magnitude of 
the received power relative to at least one of the thresholds, or is provided 
with multiple power control commands, the UE is able to determine whether 
incrementally to increase or to decrease the transmitted power. Alternatively, 

20 since the UE knows at which rate it transmitted, it will choose the right power 
control command corresponding to the power control signal received on the 
downlink 

Figure 8 shows power levels against time for the DPDCH and the DPCCH 
25 defined for UMTS using the techniques in accordance with the second 

embodiment. The following explanation assumes that the slot format used on 
the DPCCH is as described with reference to Figure 3: however it is also 
possible for the slot format shown in Figure 4 or any other control data format 
to be used instead. 

30 

Three desired power levels DP1-DP3 are defined in the exemplary 
embodiment, but this is not necessary to the invention. The use of three 
thresholds defines four areas within which the power received at the node B 
can fall. This enables the power control message to be sent from the node B 
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to the UE using two bits. However, if desired, only two thresholds may be 
used with a two bit power control message, or more than three thresholds 
may be used with a three or more bit power control message. In general the 
power control message may be sent using any suitable coding and 
5 modulation technique. For example, the two bit power control message may 
be sent using quadrature phase shift keying (QPSK). 

In frame or sub-frame SF1 the UE selects a TFC corresponding to a high data 
rate for transmission of traffic data and to a transmit power at desired power 
level 1 . In frame or sub-frame SF2 the UE selects a TFC corresponding to a 
low data rate for transmission of traffic data and to a transmit power at desired 
power level 3. In frames or sub-frames SF3 and SF4 the UE selects a TFC 
corresponding to a medium data rate for transmission of traffic data and to a 
transmit power at desired power level 2. 

In the exemplary second embodiment, the transmission at the variable power 
level corresponding with the different data transmission rates is achieved by 
allowing the UE to carry out the power level calculation using the gain factors 
p c and 3d and subsequent scaling to a nominal power level, as described 
above with reference to Figure 2, and then to apply an offset to the DPCCH 
transmit power defined by the selected TFC. 

Clearly, there does not have to be a one-to-one mapping between the TFC or 
data rate parameter and the available desired power levels. 

The operation of the UE on transmission in the second embodiment will now 
be explained with reference to Figure 9. 

The UE determines the gain factor p c to be used in transmitting the pilot bits 
30 on the DPCCH, step s26, and the gain factor p d to be used in transmitting the 
data bits on the DPDCH, step 28. These gain factors are scaled according to 
the power control commands received from the node B, as indicated above, to 
obtain the transmit powers for the DPCCH and the DPDCH, step 30. Finally 
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an offset to the pilot bit transmit power, or to the DPCCH transmit power is 
determined, related to the traffic data rate, and added to the calculated 
transmit power, step 32, prior to transmission of the DPDCH and the DPCCH, 
step s34. 

5 

The power control process (i.e. SIR estimation for example) carried out by the 
base station on receipt of a slot on the DPCCH, step s36, will be described 
with reference to steps s38-s42 in Figure 10. 

10 The power (or SIR) of the N pi | 0 t bits is measured, step s38, and in step s40 the 
measured power (or SIR) is compared to thresholds corresponding to the 
plurality of desired transmit powers available to the UE to determine a relative 
position with respect to at least one of the thresholds. As explained above, in 
this exemplary embodiment, the number of thresholds is three. A skilled 

15 person will note that it may not be necessary in all cases to compare the 
received power or S/N ratio with the thresholds: for example, if the received 
power or S/N is above the highest threshold, there is little point in a 
comparison with the remaining thresholds and in some implementations these 
comparisons may be omitted. 

20 

A control message instructing the UE of the received power level relative to 
the multiple thresholds (or incrementally to increase or to decrease the 
transmit power per threshold) is then sent to the UE as appropriate, step s18. 

25 As will be apparent to a skilled person, the use of three thresholds allows four 
relative positions of the received power or S/N ratio relative to the thresholds 
to be defined, ie above threshold 1, between threshold 1 and threshold 2, 
between thresholds 2 and threshold 3 and below threshold 3. As a result of 
the comparison with the thresholds in step 40, a power control message 

30 indicating the relative position of the received power or SIR to the thresholds 
may be sent to the UE, step 42. 

Exemplary power control commands, for example as might be sent to a UE 
using QPSK, are shown in Figure 11. 
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The channel estimation process carried out by the base station on receipt of a 
slot on the DPCCH, step s36 will be described with reference to steps S44-48 
in Figure 10. 

5 

The received N pj | 0 t received pilot bits are used to perform a correlation, step 
s44, and the resulting correlation results are used in a channel estimation 
process, step s46. The resulting channel estimation information is used to 
provide information about the radio channel to assist in decoding the received 
10 associated traffic data, s48. The node B may buffer the pilot symbols until 
TFCI is decoded before performing channel estimation used for reception of 
the associated DPDCH. This enables the variation in pilot bit power due to 
changing data rate to be taken account of in the channel estimation process, 
otherwise step changes in pilot energy would be input to the CE filter. 

15 

The operation of the UE on receipt of the power control message will now be 
explained with reference to Figure 12. 

In accordance with the second embodiment the UE receives a power control 
20 message that indicates the position of the received power or SI relative to the 
thresholds corresponding to the desired transmit levels, step 50. An example 
of such a power control signal is shown in Figure 1 1 described above. 

Since the UE knows at which desired transmit level the DPCCH was 
25 transmitted, the UE is able to determine what incremental change is required 
to the transmit power as a result of the relative position of the received power 
and the thresholds. 

For example, if the power control message indicates that the received power 
30 or SIR is between the highest threshold and the second highest threshold 

(middle threshold in this example having only three thresholds), i.e. the power 
control command is 01 according to the exemplary commands in Figure 1 1 , 
and the UE had transmitted at the highest desired power level, the UE would 
determine that an incremental increase in the transmit power was required. In 
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contrast, if the power control message indicates that the received power or 
S/N ratio is above the highest threshold, i.e. the power control command is 00 
according to the exemplary commands in Figure 1 1 , and the UE had 
transmitted at the highest desired power level, the UE would determine that 
5 an incremental decrease in the transmit power was required. 

Therefore more accurate channel estimation can be achieved at higher traffic 
data rates owing to the use of higher power for the pilot bits at higher traffic 
data rates. Simultaneously, unnecessary interference at low traffic data rates 
10 is minimized owing to the use of lower power for the pilot bits at lower traffic 
data rates. 



